Introduction
Prevention of work-related musculoskeletal disorders (WMSDs) is one of the most prevalent issues to be addressed in the occupational health and safety research in both industrialized countries and developing countries 1, 2) . Linton et al. 3) reported that the 1-yr prevalence of MSDs involving low back and neck in 35 to 45 yr-old Swedish residents was 66.3%. In addition, 8% of those with MSDs reported their sick leave as lasting 15 d or longer. The indirect costs of low back pain including production losses caused by absenteeism in the Netherlands were estimated at about US$ 5 billion in 1991 4) . The total costs of occupational accidents and diseases were estimated at 3.8% of the Gross National Product (GNP) in Finland, 40% of which was attributed to musculoskeletal diseases 5) . An important point to be emphasized is the fact that WMSDs may result in sick leave, loss of productivity, job dissatisfaction and the reduction of time for leisure activities 6, 7) . Therefore it has been widely accepted that the high incidence of WMSDs is a serious problem to be solved not only to improve workers' health and the quality of working life, but also to improve productivity.
In addressing this issue, the International Organization for Standardization (ISO) published a new Technical Specification (TS), ISO/TS 20646-1 'Ergonomic procedures for the improvement of local muscular workloads -Part 1: Guidelines for reducing local muscular workloads' 8) in 2004 , which had been prepared by the ISO/Technical Committee 159/ Sub Committee 3 (chairperson: Toru ITANI). The ISO/TS provides practical procedures for preventing WMSDs through the reduction of local muscular workloads (LMWLs) at workplaces. The ISO/TS is based on participatory approaches taken in the practical training programs such as the WISE (Work Improvement in Small Enterprises) and the POSITIVE (Participation Oriented Safety Improvement by Trade Union InitiatiVE) which are widely applied in many countries [9] [10] [11] [12] [13] [14] [15] . One of the features those approaches have in common is to utilize ergonomic tools such as action-oriented checklists and group work dynamics for finding and prioritizing points to be improved and planning immediate preventive action. Effectiveness of those practical approaches has been emphasized and proven in some articles 11, [16] [17] [18] . Although the approach taken in the ISO/TS is mostly the same as those practical ones, some characteristic differences can be found, as shown in Table 1 . In the ISO/TS more emphasis is placed on comprehensive guidelines for solving WMSD-specific problems in which the participatory approach is integrated into the occupational safety and health management systems (OSHMS) 19, 20) . One of the advantages of introducing the ISO/TS is that the development of employers' and workers' own activities to control multiple WMSD risks is made easier. For this purpose, the ISO/TS gives practical tools that can be used at each step of comprehensive risk reduction activities (Table 2) and guides for how to properly utilize the international ergonomics standards relating to WMSDs prevention already published 21, 22) The ISO/TS thus seems to help introduce WMSD risk management activities into each enterprise on employers' and workers' own initiative. However, it has not been confirmed whether the new ISO/TS is really effective in taking action to improve work conditions. This paper discusses the impact of preventive activities planned and carried out according to the ISO/TS on WMSDs, especially focusing on features and types of improvements planned and implemented in real workplaces. The analysis of these improvements and the evaluation of the activities suggest that the approach enable employers and workers to properly control multiple WMSD risks on their own initiative and promote sustainable activities.
Material and Methods
We started an international Table 3 shows the type of industry and the number of employees of these enterprises. The intervention set-up based on the procedure of the ISO/ TS is illustrated in Fig. 1 . Base-line surveys were first conducted to grasp the current conditions of WMSDs at the workplaces, following the ISO/TS recommendation to check the current subjective musculoskeletal symptoms in advance to monitor the effects or insufficiency of risk reduction measures. We provided the enterprises with the ISO/TS "Annex D" questionnaire 8) for the baseline survey, which included diagrams of a human body divided into 24 regions (both sides of neck, upper back and lower back, shoulders, upper arms, elbows, forearms, wrists/hands, hips/thighs, knees, lower legs and ankles/feet). A kick-off meeting to introduce the methodology and initial activities was then held. The participants in the kick-off meeting were the employers, workers and occupational health staff members. In the kickoff meeting, the participants checked the multiple hazards in LMWLs: Local muscular workloads.
Table 3. Enterprises participating in our project
The number of employees <50 <100 <300 300≤ the local workplace using the questionnaire proposed in the ISO/TS. A walk-through survey with the action-oriented checklist was then carried out at the workplace. Application of the action-oriented checklist led the participants to identify "good points" and "points to be improved" at the workplace. The participants were then divided into small groups, and they discussed good examples of improvement and risk factors to be improved at the workplace. At the end of the discussions they were required to propose three "points to be improved" that were high in priority. When prioritizing the risk reduction measures, the participants were asked to consider the following three main points: 1) efficacy of the measures in reduction of LMWLs, 2) feasibility, and 3) cost effectiveness. After the meeting, the managers assigned responsible persons to formulate action plans, set target dates and estimate the cost for the improvements. The risk reduction activities were then carried out according to the action plans. The follow-up assessment took place one year after the baseline survey, and we asked the enterprises the number of improvements planned and implemented according to the action plans within one year. It also included the measurement on subjective musculoskeletal symptoms, which was conducted using the same Annex D questionnaire as in the baseline survey. Furthermore, we inquired about current condition of their activities or other activities devised on their own initiative.
Results and Discussion

Characteristics of improvements undertaken in the workplaces
At the time 6 months had passed after kick-off meeting, 16 of the 17 enterprises were carrying on this project. One company, unfortunately, gave up implementing their planned improvements owing to management difficulties. Another enterprise was out of the project after one year because all the sections of its factory were moved to another province and our follow-up activities became difficult to conduct. Table 4 shows the number of improvements planned and implemented according to the action plans made by the 17 enterprises and the follow-up results obtained from the 15 enterprises a year later. Various aspects, which were divided into 6 technical areas, were covered by the participating enterprises. The 6 technical areas were 1) lifting and carrying, 2) equipment such as tools, fixtures, machinery, etc, 3) workstation design, 4) work organization, 5) work environment, and 6) others. It is noteworthy that 96% of the improvements had already been implemented (63%) or in progress (33%) within 6 months of the start of the activities. The high success rate of the implemented improvements indicates the direct effectiveness of the activities. This result is better than those reported by the ILO study 18) and the WISE project 17) (63% and 83%, respectively). It is, however, not really appropriate to compare these results because the latter two studies were the ones covering general occupational health and safety. Since there have been few practical studies focusing on the success rate of improvements of WMSDs, we had no choice but to compare our results with those of the similar studies. Besides the initial improvements, new improvements added within one year reached 84 cases and 10 cases were in progress in the 15 enterprises. Those results indicate that both the managers and workers were positively receptive to the approach proposed in the ISO/TS and that the approach was effective in facilitating their continuous improvements.
Examples of initial and subsequent improvements implemented in the enterprises are shown in Table 5 . Installing pushcarts, conveyers and lifting devices such as a chain hoist can eliminate manual material handling or reduce frequency and distance of material moving, so that muscular workloads on workers can be reduced. Minimizing height differences at work surfaces, providing stock racks and appropriate worktables for VDT workers contribute to the elimination of frequent bending or twisting postures. High stools with a footrest enable workers to alternate between standing and sitting ( Fig. 2-1) , and with them workers can avoid keeping constrained posture for a long time. Adjusting working height (using footsteps, height adjustable chairs, etc.) and position of controls allows workers to be released from keeping awkward postures ( Fig. 2-2) . The results show that the features of implemented improvements had common aspects among the participating enterprises; the types of adopted improvements were mostly lifting and carrying, workstation design, work organization, and work environment. Our results were similar to those reported previously in several practical studies 16, 17, 23) . Since this approach aims to devise measures to prevent WMSDs by reducing LMWLs, it is easy to infer that many of the improvements undertaken in the technical areas such as lifting and carrying may contribute to the reduction of the risks of WMSDs. However, some improvements implemented in this project seemed to have no relation to WMSDs, as shown in the "others" in Table 4 and 5. Most of them were related to safety measures against hazardous substances. It is also of interest that as many as 12 new improvements were achieved in this technical area, although only one improvement had been implemented initially. This result needs to be discussed further, but the activity focusing on prevention of WMSDs may lead to new motives for initiating the improvements of other health conditions.
Estimated cost of improvements implemented at each workplace
The estimated costs, which were directly related to the implementation of improvements, are listed in Table 6 . About one-half of all 155 improvements were achieved at a cost of less than 100 US dollars. The result shows that no-or low-cost improvements were widely introduced in all the technical areas. Some studies 10, 12, 17, 27) have already revealed that low-cost solutions applied in local good practices facilitate sustainable actions and play important roles in motivating employers and workers to undertake improvements of work conditions.
On the other hand, expensive improvements that cost more than 1,000 US dollars were also carried out in all the participating enterprises. Installing mechanical devices for lifting and moving heavy materials (i.e. chain hoist, x-lift and cranes) was a typical example of relatively high-cost improvements. According to the follow-up survey conducted one year later, 34 (36%) out of 94 new improvement cases were the ones related to lifting and carrying and nine out of them cost more than 1,000 US dollars. We should notice that not only low-cost improvements but also expensive ones were implemented. It has been reported that common steps taken to implement improvements are as follows: the first step is initiated by low-cost improvements, then, attention is paid to multifaceted improvements, and finally, more expensive but necessary solutions are selected 25, 26) . Our results, however, were not in line with these steps; the expensive improvements were also achieved within a short period of time during initial phases, regardless of the size of enterprises. One reason why expensive improvements were achieved in our study can be that the employers in some companies promoted a better understanding of the importance of work improvements and linked the protection of their workers from WMSDs problems to the enhancement of productivity (discussed below). Another factor affecting the high achievement of expensive improvements might be a bias in selecting participating enterprises. Having had WMSD problems, the participating enterprises were highly aware of these problems, and consequently the managers are thought to have known the importance and necessity of high-cost investment in workplace improvements.
Autonomous activities spreading in the enterprises
We made some interesting findings in their autonomous activities. One of the enterprises published an OSH policy which stipulated the improvement of working conditions based on ergonomic principles and assigned the responsibility • Provide a jacket with thick stuff for scrubbing workers tools, devices, fixtures,
• Install a duct for non-manual material feeding machinery, etc.
• for the improvement of their own workstation to workers. All the managers did was to provide multi-purpose unit furniture to each worktable, and then the workers, using this furniture, freely and successfully rearranged their workstation when necessary. The enterprise has succeeded in involving their workers more actively in the activities. Our follow-up also found that the activities based on the ISO/TS had been expanded into the whole divisions in 2 out of 15 enterprises. Furthermore, they monitored the following items for the evaluation of the activities, relating them to their productivity and WMSDs risks: time for carrying materials, setup time, WIP (Work In Process), leadtime, occupancy rate of area for inventory and the rate of workers receiving benefits. In contrast, one company, which set the priority on restructuring the organization for cost cutbacks, gave up carrying out the activities. It seems to be important that employers recognize the approach as one of the techniques to enhance their productivity.
Features of risk analysis proposed in the ISO/TS
The risk analysis in the ISO/TS consists of specification of work situation, hazard identification and risk estimation using action-oriented checklists, and small group discussions. The result of the checklist investigation for hazard identification conducted by 33 groups in 14 enterprises is shown in Fig. 3 . The data show the percentage of items checked as a result of group discussion. Multiple hazards existing in each workplace were widely identified and the results were shared among the participants. This result indicates that use of the checklist helps participants to broaden their awareness of multiple hazards at their workplaces. Figure 4 shows the results of the action-oriented checklist exercise at 15 enterprises. The data also show the percentage of checked items as a result of group discussion. The actionoriented checklist consists of 25 items in 5 sections, which correspond to the technical areas shown in Tables 1 and 2 . Fig. 2-1 . Improvement achieved at the can factory. Before improvement, workers packed the lids of cans with standing posture. After improvement, stools were provided to allow workers to sit when they want to.
Fig. 2-2. An example of the improvements at a chemical factory.
Before improvement, the worker had to keep awkward posture under the reactor to shut the valve manually. After improvement, a mechanical device was installed to avoid the manual operation, so that the worker now just presses a button to open the valve. The high median value of "Workstation design" indicates that the potential for risk was commonly high in this technical area. "Lifting and carrying" was mainly checked in the elevator and the snack food factories. The nature of the work in those factories requires heavy material moving or manual carrying. Small group discussions on the action checklist results were conducted to detect and prioritize the risk factors to be improved. The participants discussed the risks that should be addressed immediately, taking the following points into account: severity of harm to workers' health, feasibility and easiness of implementation of the risk reduction measures, and cost-efficiency of the measures. The process of group discussion was considered to enable participants to spread and share their ideas and views for improvement.
One of the advantages of the comprehensive risk analysis is that a series of applications of checklists and group discussions enables participants to take the immediate risk reduction measures while they are doing a practical risk analysis. What needs to be emphasized is that conducting appropriate risk analyses seems to lead to the higher achievements of improvements. The approach from the risk analysis proposed in the ISO/TS, thus, plays a key role in their activities for reducing WMSD problems.
Risk evaluation by monitoring subjective estimation of LMWL levels
Workers' subjective musculoskeletal symptoms were assessed in 7 enterprises to check the effectiveness of the risk reduction measures after the improvements were implemented. The implementation rate looks low with only 7 enterprises participating. This is because in many cases alternative evaluation such as brief-interviews with workers was applied instead of formal evaluation using the ISO/TS annex questionnaire. Reasons for the use of alternative evaluation can be found in low literacy rate of workers in Thailand and the negative attitude toward formal evaluation of those enterprises which had already achieved good results. Table 7 shows the results of the evaluation of workers' subjective musculoskeletal symptoms in the 7 enterprises. There were statistically significant differences in the scores of symptoms in some body regions between before and after improvements in the 5 factories. It should be noted that the remarkably positive effects were seen in the snack food factory and the chemical factory 1. The former introduced not only workstation changes but also sufficient short breaks and physical exercises during working hours. The latter succeeded in reducing the subjective symptoms of WMSDs through the diverse measures for lifting and carrying, working posture and work organization. We have hypothesized that focusing on the combination of the various technical areas, not on single area, is essential to reduce the LMWL levels effectively.
On the other hand, the scores after improvements relatively increased in the steel-cutting machine manufacturer, although several improvements for risk reduction were actively introduced. The negative effects might have resulted from placing much emphasis on productivity-oriented improvements. Because it was a grinding work which required accurate manual handling, the manufacturer introduced a platform in front of the clamp for the workers to exert force on the materials more easily. The improvement enhanced the productivity and accuracy, but on the other hand, it seems to have caused excessive flexion of the lower back. They took the result as a good lesson and accelerated their continuous action for the improvement focusing on the WMSDs after that. They are now trying to develop better solutions to the issues concerning workers' posture.
Conclusion
The preventive activities against WMSDs using the ISO/ TS 20646-1 were developed in 17 enterprises in Thailand and Japan. Most of the planned improvements were achieved and also, many new improvements added within one year of the start of the project were implemented. This result indicated that the ISO/TS with a nature of comprehensive guidelines could support continuous improvements in the enterprises. The approaches using the checklists and group discussions contributed to the detection of widely diversified risks in each local workplace, and this seems to lead to sustainable activities for prevention of WMSDs. These results confirmed that the ISO/TS 20646-1 helps managers and workers to control multiple WMSD risks on their own initiative and promote sustainable activities. In volunteer-based studies like this one, however, participating companies may not represent the general population. Many of the participating enterprises had already had felt for prevention of WMSDs even before the study, and such need could also have somewhat affected the achievement of improvements. In addition, this study was not designed to survey the effectiveness of certain measures on reducing the incidence of WMSDs in enterprises. Our primary objective was to confirm whether employers and workers could take action by themselves in conformity with the procedure based on the ISO/TS. Further research with a longer monitoring period is needed to clarify the preventive effect of the ISO/ TS on the incidence of WMSDs. Mean ( n= the number of workers in the target production area where improvements were introduced.
